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Abstract  
Nano-lime dispersed in propanol was extensively used for consolidation of mural paintings. Current result 
pointed out the effect of using different nano-dispersed materials (nano silica, nano calcium hydroxide and 
carbonate) with Beva 371 soluble in toluene/ethanol to consolidate models of an Egyptian Coptic fresco. 
Scanning electron microscope (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-
IR) and spectrophotometer were used to determine the visual properties, morphological and physical properties 
of the treated models. The influence of treatment on various mechanical characteristics of consolidated models 
were also, tested in detail by means of tests on specimens of the treated models. The treatment was carried out in 
presence of the nano-materials with or without the polymeric material. The mechanical characteristics of the 
treated models were improved. This can be attributed to nano-calcium hydroxide was turned into calcium 
carbonate and both of nano- silica and nano-calcium carbonate appeared as filler. The high impact of nano-
materials remind even in presence of polymeric material (Beva 371). 
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1. Introduction   
Many kinds of polymers are synthesized for the conservation field [1]. One of the most largely applied is vinyl 
acetate copolymers (Beva 371). It was developed by Berger 1984 and proved to be successful in consolidation 
of mural paintings as it is resist yellowing by aging easy to prepare and apply.  Beva 371 using by brush or 
spray with an 8-10% solution in toluene (1:3 or 1:4.) and allow to dry overnight [2].  The structure of Beva 371 
is Elvax (ethylenelvinyl acetate [EVA] copolymer), ketone resin N (polycyclohexanone), A-C copolymer 
(EVA), Cellolyn 21 (phthalate ester of hydroabietyl alcohol), and paraffin [3]. Carritti has studied the 
performance of nano- lime in the presence of Paraloid for consolidation a lime stone and  proved that the 
behavior in terms of mechanical properties by the application of Ca(OH)2 nanoparticles remained excellent even 
in the presence or absence of Paraloid [4]. Currently the nano- materials in combined with the polymeric 
material are studied in consolidation of mural painting and to notice the effect of nano-materials in the presence 
or absence of polymeric materials. According to the disadvantages of using polymers, salt crystallization occurs 
within the pores of the wall paintings, generating strong mechanical stress [1]. All polymers such as Paraloid    
B 72 are turn to yellow in a few years which turning to yellow after 20 years at least [5] In the last decades, in 
order to avoid these disadvantages, a new way for consolidation appeared using of nano-lime dispersions 
(usually 2-propanol) has been developed by the Florence unit of the CSGI [6]. This new method has been 
mainly used to support the mechanical properties. It is exhibit a good  mechanical properties due to the nano-
lime companied with the carbon dioxide in the surrounded air to produce new calcium carbonate  which filled 
the gaps and connected the compounds each other [7] , as the following reaction  :  
 Ca (OH)2 + CO2 → CaCO3 + H2O  
This technique considered very useful in cases of surface color powdering for mural paintings, consolidation 
and preconsolidation treatments. Once the Ca(OH)2 nanoparticles penetrate easily into the porous matrix, of the 
objects (lime stone or in mortars) without any cares of the water content [8]. The high retention of this absorbed 
water favors the correct carbonation with formation of a new CaCO3 crystal network that embeds the detached 
quartz grains [9]. In the present work the interactions between nano-materials and Beva 371 by preparing some  
mixture of Beva 371 with Ca(OH)2,CaCO3 and SiO2 nanoparticles is homogeneously dispersed were studied. 
Fourier transform infrared spectroscopy (FTIR), and scanning electron microscopy (SEM) were used to 
characterize the influences of nano-materials in presence of polymer matrix for consolidation of an Egyptian 
Coptic fresco painting. 
2.  Material and Methods 
2.1. Materials  
All the chemicals were of analytical grade and were used without further purification. The materials required for 
the synthesis of nano-lime are calcium chloride, sodium hydroxide and Triton 100 were obtained from Aldrich. 
Whereas, the materials required for the synthesis of silica nanoparticles are Tetraethyl orthosilicate (TEOS 98%, 
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Fischer), ammonium hydroxide solution (31.5%, Aldrich) and Absolute ethanol 99 % from ADWIC Company. 
Calcium oxide was purchased from Aldrich and used for preparation of calcium carbonate. BEVA 371 is a 
thermoplastic, elastomeric polymer mixture. It is composed of Elvax (ethylenelvinyl acetate [EVA] copolymer), 
ketone resin N (polycyclohexanone), A-C copolymer (EVA), Cellolyn 21 (phthalate ester of hydroabietyl 
alcohol), and paraffin. It is an opaque gel at room temperature and has a melting point of 50-55 °C. It is soluble 
in naphtha, toluene, acetone, and alcohol. BEVA produces a matte [3], waxy finish and is used as a consolidated 
for paintings and textiles and it was purchased from Arts Conservation Agency (local company).  Water was 
purified by a Millipore Elix 3 apparatus: the resistance of the ultra-pure water was 18 MΩ.cm. 
2.2. Synthesis of nano-materials  
The nano lime was synthesized by preparing two initial aqueous solutions of 100 mL containing 3.33 g of CaCl2 
(corresponding to 0.3 mol/L of CaCl2) and 2.40 g of NaOH (corresponding to 0.6 mol/L of NaOH), respectively. 
Then Triton X-100 was added to calcium chloride initial aqueous solution, which is later mixed simultaneously 
to the aqueous sodium hydroxide one, at the fixed temperature of 90 oC. [10] Silica nanoparticles were prepared 
by hydrolysis and condensation of TEOS in ethanol and in presence of ammonia as catalyst. First, solution 
containing appropriate quantities of absolute ethanol, ammonia and deionized water were stirred for 5 min. to 
ensure complete mixing. Then a proper amount of TEOS in absolute ethanol was added to the above solution 
and the reaction proceeded at ambient temperature for 24 h according to reactants concentrations. Thereafter the 
colloidal solution was separated by high-speed centrifuge, and the silica particles were washed by absolute 
ethanol for three times to remove undesirable particles, followed by drying in oven at 100 °C for 2 h [11] 
CaCO3 nano-particles were prepared by using the reaction system Ca(OH)2–H2O–CO2 as described in our 
previous work Bulk CaO was firstly calcined at 1000 °C for 2 h then slaked into lime milk in mono-distilled 
water at 80 °C. The lime milk was cooled to room temperature (20 °C). At this temperature, the CO2 gas was 
injected into the lime milk (1000 mL min 1 flow rate and 1 M CaO concentration) with vigorous stirring. The 
pH recorded on-line with a pH-meter (Jenway 3305) and a conductometer (Jenway 4510). When the pH value 
decreased from 14 to 9 and the electric conductivity showed a sharp decrease, this was an indication that the 
reaction was completed, the CO2 flow was stopped. CaCO3 particles were obtained and dried at 120 °C in a 
drying oven for at least 24 h [12]. 
2.3. Preparation of the mixed nano-materials polymer liquid system  
Table 1: The composition and the appearance of the obtained mixed system 
 
Component 
 
Nano- 
With Polymeric material 
gm 
Without Polymeric material  
gm 
SiO2 CaCO3 Ca(OH)2 SiO2 CaCO3 Ca(OH)2 
Ethanol 
Toluene 
Beva 371 
solution 
Nanomaterial 
80 
16 
2 
 
2  
80 
16 
2 
 
2  
80 
16 
2 
 
2  
98 
- 
---- 
 
2  
98 
- 
---- 
 
2  
98 
- 
---- 
 
2  
Preparation of the mixed nano-materials /Beva 371 system was carried out as follows.2gm opaque gel of Beva 
371 was added dropwise to ethanol / toluene mixture (80:16 by weight) at room temperature then 2 gm of nano-
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material (initial concentration 20 g/L).  The composition and the appearance of the obtained mixed system are 
listed in Table 1. Then to compare the effect of polymeric materials on the role of nano-materials in the 
consolidation of the models, the nano-materials were used without polymeric materials to define the difference 
between the presence and absence of polymeric materials. 
2.3.1. The fresco painting condition 
The pictorial layer suffered from severe loss and color change around the lost areas [13] and the whole fresco 
painting suffered from weakness as there were a vital cracks. The three models of Egyptian Coptic fresco were 
exposed to artificial aging to create a similar circumstances for the original fresco painting then they were 
treated with three different system described in Table 1  :  
  
 
 
 
 
Figure 1:  the Egyptian Coptic fresco painting 
1) Beva 371with Ca(OH)2 nanoparticles. 
2) Beva 371with SiO2   nanoparticles 
3) Beva 371with CaCO3 nanoparticles. 
The models of Coptic fresco paintings were treated with the previous components and three other models were 
treated with nano-materials in ethanol without polymeric material using brushes through Japanese paper [14] 
The models were subjected to different accelerated ageing test to simulate the most Common outdoor heritage 
deterioration processes due to weathering agents. so they were exposed to temperature 25 oC for 12 h then up 
gradually to 60 oC for 8 h then left them in room temperature for 24 h this round repeated 10 times to define the 
state of models after exposing for changing in temperature [15]. 
2.4. Characterization 
The morphology was examined by scanning electron microscope model Quanta 250 FEG Field Emission Gun) 
attached with EDX Unit (Energy Dispersive X-ray Analyses with accelerating voltage 30 K.V., 
magnification14x up to 1000000 and resolution for Gun.1n .FEI company, Netherlands ). Sample preparation 
consisted of application of a superficial gold film by sputtering to prevent electro-static charge. X-ray diffraction 
were obtained using PAN analytical X-Ray Diffraction equipment model X  ׳ Pert PRO with Monochromator, 
Cu-radiation (θ1.542Å) at 50 K.V., 40 M.A. and scanning speed 0.02o/sec. were used. The reflection peaks 
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between 2θ=2o and 60o, corresponding spacing (d, Å) and relative intensities (I/Io) were obtained. The 
diffraction charts and relative intensities are obtained and compared with ICDD files. IR spectra were obtained 
using a FT-IR Thermos Ni-colet 760. The resolution is of: 4 cm1 (Region 4000: 400 / Absolute threshold 0.002 
/Sensitivity: 50). The sample preparation process without grinding as it is connected to ATR unit  .(  
2.4.1. Colorimetric measurements 
Color changes induced by protective products and samples degradation were evaluated by spectrophotometer 
Optimatch 3100® from the SDL Company. The dimension of the measured area of each sample equals to (1X1) 
cm2. The colors are given in CIE Lab coordinates, L* corresponding to the brightness (100 = white, 0 = black), 
a* to the red–green coordinate (positive sign = red, negative sign = green), and b* to the yellow–blue coordinate 
(positive sign = yellow, negative sign = blue). The total color difference ΔE* between two color stimuli ΔE* = 
{(ΔL*)2+ (Δa*)2 + (Δb*)2} [16]. 
2.4.2. Hardness and Bursting 
The Shore D scale is based on ASTM D2240. The test involves the use of a hardened steel rod 1.1 mm - 1.4 mm 
diameter, with a 30° conical point, 0.1 mm radius tip. This exerts 44.64 N of force [17] The measured hardness 
is determined by the penetration depth of the indenter under the load maximum penetration for each scale is 2.5-
2.54 mm, the amount of penetration is converted to hardness reading on scale of 100 units maximum hardness 
value 100 shore corresponds to zero penetration which can be converted in to newton to be 44.45 N [18] 
Tinuis Olsen H5KT machine was designed for using in Research and Quality Control to measure material’s 
strength and performance. All tests are designed and implemented by Tinius Olsen in accordance with key 
international testing standards including ISO, ASTM, EN and other industrial standards. The load measurement 
accuracy: +/- 0.5% of applied load from 2% to 100%, and position measurement accuracy: +/- 0.01% of reading 
or 0.001 mm [19]. 
3. Results and discussion 
 The application of the three nano-materials with or without the polymeric material caused changes in the visual 
properties, such as changes in colors of the treated models which can be tested by using spectrophotometer. On 
other hand, the nano-materials improved the mechanical properties of the treated models, as the nano-materials 
increase the models strength to the exogenous factors as the mechanical properties were tested using the 
hardness tester and the bursting strength detector, The polymeric material showed no effect on the role of nano-
materials as the results are the same even in presence or absence the polymeric material. 
3.1. The visual properties and the changes of colors after treatment   
The purpose of comparison the changes of visual colors before (2a) and after treatment (2b-c) to detect a little 
change of colors caused by treatment. The models after treatment in presence of polymeric material (solution of 
Beva 371) with nano-materials are an opaque layers appeared on the treated models as shown in Figure 2 (b-c.) 
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Figure  2: a) untreated model and  the three models after treatment with solution of conc. 2 % Beva 371: b) 
nano-calcium hydroxide  c)  nano-silica d) nano-calcium carbonate 
3.2. Scanning Electron Microscope  
  
  
  
Figure 3: SEM images of pure nano-materials without Beva 371 a) Ca(OH)2  during the carbonation process, b) 
nano-silica c) nano-calcium carbonate and,  nano-materials with Beva 371 a) Ca (OH)2   b) nano-silica c)  nano-
calcium carbonate  .  
a d c b 
f c 
d 
e b 
a 
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3.3. X-Ray Diffraction   
Figure a-c shows the x-ray Diffraction (XRD) of the treated samples with the three nano- materials + Beva 371. 
The XRD data revealed that the calcite and gypsum are more major components in samples from models treated 
with three nano-material in presence or absence of Beva 371. From Fig. 4a it was noticed that the intensities of 
calcium carbonate XRD peaks which converted from calcium hydroxide is higher than the intensities of the 
nano-calcuim carbonate Fig. 4c which means the size are increased of as seen in SEM image Fig. 3a. On the 
other hand, it was observed that the samples treated with nano-silica Fig. 4b revealed that the intensities of 
original calcium carbonate of the model sample is less than other nano-carbonate samples  . 
Figure 4: X-ray Diffraction (XRD) of the treated samples with the three nano-materials + Beva 371. 
3.4. Fourier transform infrared 
Figure 5a-f shows FTIR spectra of a) untreated sample and addition of nano-materials to untreated sample b) Ca 
(OH)2, c) nano-silica,  d)  nano-calcium carbonate,  and nano-materials with Beva 371 to untreated sample  e) 
Ca(OH)2, f) nano-silica,  g)  nano-calcium carbonate. The FTIR of untreated sample (Fig. 5a) revealed that at 
least one strong absorption band from C-O stretching at 1415 cm-l calcite, the band is smooth, symmetrical, and 
broad. Carbonate bending vibrations produce sharp bands in the region of 900-650 cm- l. These bands show 
measurable frequency deviations corresponding to the attached cation. For example, the out-of-plane bending 
vibration for calcium carbonate (calcite) occurs at 873 cm-1, SO4 bending and stretching band at 667, 1107cm
-1, 
anti-symmetric and symmetric O-H stretching bands of gypsum at 3522, 3399 cm-1. Fig. 5b, d represents the 
FTIR spectra of calcium hydroxide and nano-calcium carbonate before and after loaded to untreated sample in 
absence of Beva 371, respectively.  The spectra shows at least one strong absorption band from c-o stretching in 
the region of 1550-1350 cm-l calcite, the band is smooth, symmetrical, and carbonate bending vibrations 
produce sharp bands at the region of 900-650 cm- l indicates the presence of calcium carbonate, stemming from 
the reaction of lime with carbon dioxide in the air and nano-calcium carbonate. The intensity of pure nano-
calcium carbonate is higher than calcium carbonate converted from calcium hydroxide. On the other hand, when 
the nano-calcium hydroxide and carbonate added to the untreated sample, the peaks of untreated sample were 
appeared in expense of nano-materials. This is due to the present of nano-materials are low compared to the 
untreated sample. Moreover, Fig. 5e, g represents the FTIR spectra of calcium hydroxide and nano-calcium 
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carbonate before and after loaded to untreated sample in presence of Beva 371, respectively. Beva 371 spectrum 
shows a strong absorption of C-H stretching bands on 2850,2919,3028 cm -1, C=O stretching band on 
1712,1736cm-1, C-H bending bands on 1462 cm-1, C-O stretching bands on 889 cm-1and C-H torsion band on 
728cm-1 [20] From Fig. 5e, g, it is observed that a similar untreated sample peaks are revealed with increasing of 
peaks intensities in presence of Beva 371 and nano-materials. Whereas, Fig. 5c, f represents the FTIR spectra of 
silicon dioxide before and after loaded to untreated sample and absence and presence of Beva 371, respectively.  
FTIR spectrum of silica reveals that asymmetric Si-O-Si stretching band on 1108 cm-1, show strong absorption 
band from c-o stretching on 1411cm-1, while the crystalline silica mineral quartz has the same primary 
absorption band near 950 cm-I , but small doublet band near 692 cm-l that is very characteristic [21]. The 
spectrum of untreated sample are similar in presence and absence of Beva 371 and nano-silica. But it noticed 
that the peak represented to silica after loaded to untreated sample in presence Beva at 692 cm-1. FT-IR data are 
in a good agreement with XRD data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5a-f: FTIR spectra of a) untreated sample (X) and addition of nano-materials 371 to untreated sample b) 
Ca (OH)2, c) nano-silica,  d)  nano -calcium carbonate,  and nano-materials with Beva 371 to untreated sample  
e) Ca (OH)2,   f) nano-silica,  g)  nano-calcium carbonate. 
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3.5. Spectrophotometer 
 Table 2 shows the color variation promoted on the models after treatment with nano-lime, nano-silica and 
nano-calcium carbonate ΔL* is the variation in luminosity, Δa* is the variation in the red–green parameter, Δb* 
is the variation in the blue–yellow parameter and ΔE* is the total color difference. Displays the color variations 
of the treated models for the tested treatments, the most important contribution came from L* a* b* where L* 
represents lightness (0% black, 100% white), a* redness-greenness, and b* yellow-blueness. For this work the 
values of a* > 0 and b* > 0 which represent the colors red and yellow, respectively. The yellow color of 
untreated models falls within the range: L* -9.88, a* 3.24 and b* 0.062. In general, treatments of nano-material 
led to a darkening of the models surfaces. For nano-calcium hydroxide for example, the L* dropped by -10.37 
while nano-calcium hydroxide loaded Beva 371 by -37.3 . 
Table 2: coordinate of color obtained by using spectrophotometer 
observations ΔE* Δb* Δa* ΔL* Color 
10 > ΔE > 5 
In0the0untreated 
samples. 
10.42 
2.35 
2.12 
 
0.0062 
2.22 
1.09 
 
3.24 
-0.08 
0.87 
 
-9.88 
-0.76 
1.60 
 
Yellow Untreated   
Black untreated  
Red untreated 
 
The results showed 
that Beva 371 
tended to lighten 
ΔE >12 This value 
Increased because 
of the presence of 
polymeric material 
41.34 -17.66 -2.22 -  37.3 Yellow Ca(OH)2 + Beva 371 
5.24 -0.20 -0.49 -  5.21 black Ca(OH)2 + Beva 371 
13.93 -36.42 -1.09 -5.99 Red Ca(OH)2 + Beva 371 
44.63 -18.72 -2.01 -40.46 Yellow SiO2 + Beva 371 
10.22 -21.44 1.20 -3.885 black SiO2 + Beva 371 
6.16 -0.03 1.05 -6.07 Red SiO2 + Beva 371 
8.83 - 6.85 1.01 -5.48 Yellow CaCO3+ Beva 371 
36.93 3.04 -0.77 2.47 Black CaCO3+ Beva 371 
7.90 6.81 0.92 -3.89 Red CaCO3+ Beva 371 
      
ΔE values indicated 
that this variation is 
the same of the 
treatments with 
Beva 371 but it is 
slight 
 
10.70 -1.56 2.14 - 10.37 Yellow Ca(OH)2  
10.56 0.39 0.05 10.55 Black Ca(OH)2  
13.24 10.46 0.56 8.09 Red Ca(OH)2  
28.90 -12.85 1.08 - 25.86 Yellow SiO2  
17.50 -4.47 1.15 - 16.88 Black SiO2  
39.61 -8.08 -0.17 -38.78 Red SiO2 
31.36 -12.53 0.64 - 28.74 Yellow CaCO3 
3.99 -10.09 0.21 -1.58 Black CaCO3 
7.43 6.47 1.67 -3.26 Red CaCO3 
The color of models treated with nano-materials were observed to alter slightly after the treatment, ΔE scale in 
stone materials conservation is as follow: 
 ΔE < 0.2: not perceptible difference 
 0.2 < ΔE < 0.5: very small difference 
 0.5 < ΔE < 2: small difference 
 2< ΔE < 3: fairly perceptible difference 
 3< ΔE < 6: perceptible difference 
 6< ΔE < 12: strong difference 
 ΔE > 12: different colors 
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In this respect yellow, red and black colors in the treated models with nano-materials before and after aging 
have no acceptable ΔE values where it ranges between 2.12 and 10.42. Other colored samples treated with 
nano-materials in presence of Beva 371 were not fitting in these limits i.e., have ΔE values between 44.63 
and 5.42 depending on their chemical composition. These values indicate that Beva 371 induced chromatic 
variations resulting from its thermal oxidative decomposition. The completed data are listed in Table 2, a 
clear change in surface color was observed visually .The average b* and a* values increased and the models 
appears red-orange colored after the treatment. This discoloration very probably results from the 
accumulation of nano-materials on the surfaces [22]. 
3.6.  Hardness and bursting 
A-The Hardness Tests using Shore D 
The Shore D scale is based on ASTM D2240. The test involves the use of a hardened steel rod 1.1 mm - 1.4 mm 
diameter, with a 30° conical point, 0.1 mm radius tip. This exerts 44.64 N of force (Fig. 6).[23] The measured 
hardness is determined by the penetration depth of the indenter under the load maximum penetration for each 
scale is 2.5-2.54 mm, the amount of penetration is converted to hardness reading on scale of 100 units maximum 
hardness value 100 shore corresponds to zero penetration which can be converted in to Newton to be 44.45 
N.[19] Hardness tests for untreated model and treated models with the three nano-materials in presence and 
absence of Beva371 are presented in Figure 7 and Table 3. Differences in surface hardness values were 
minimal between the different treatments, but some trends were noted. In all cases, the hardness results of 
treated models increased over the untreated model. Hardness values of models treated with nano-materials 
loaded-Beva 371 showed very similar hardness values of models treated with nano-materials. The improvement 
happened due to the application of nano-materials fill the gaps and connected the compounds each other 
according.  On the other hand, calcium hydroxide acts as its nature through the carbonation process for the 
combination of layers of mural paintings in presence or absence of Beva 371. 
Table 3: shore D models surfaces hardness results 
Sample Average hardness shore D Shore D (Newtons) 
Untreated model 19 + 0.5 13 N 
Nano-calcium hydroxide with Beva 371 47+ 0.5 22 N 
Nano-silicon dioxide with Beva 371 35+ 0.5 18 N 
Nano-calcium carbonate with Beva 371 40+ 0.5 18 N 
Nano-calcium hydroxide 47+ 0.5 22 N 
Nano-silicon dioxide 35+ 0.5 18 N 
Nano-calcium carbonate 40+ 0.5 18 N 
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Figure 6: Testing samples for Hardness using Shore D and bursting strength test using Tinuis Olsen 
 
 
 
 
 
 
 
 Figure 7:  Hardness tests for untreated model and treated models with the three nano- materials in 
presence and absence of Beva 371 
 
 
 
 
 
 
 
Figure 8: Bursting strength for untreated model and treated models with the three nano-materials in presence 
and in absence of Beva 371. 
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B-The bursting strength Tests or compressive strength using Tinuis Olsen 
Bursting strength or compressive strength express the ability of samples to bear compressive strength to be 
broken (Fig. 6) [24] Bursting strength for untreated model and treated models with the three nano-materials in 
presence and in absence of Beva 371 are presented in Table 4. The results proved that there is an improvement 
happened in the presence of Beva 371 or absence. This is due to the application of nano-materials which fill the 
gaps and led to all materials are unity and increase the bursting strength as the calcium hydroxide turned in to 
calcium carbonate which increase the ability of resistance and the other two nano-materials used as filler to fill 
the gaps inside the structure of the models. On other hand the role of polymeric material appeared in a limited 
results and can' be concerned because the concentration of Beva 371 was only 2 %.   
Table 4: Bursting strength of models results 
Sample Bursting strength 
(Newton /mm
2
) 
Untreated model 224 N/mm 
Nano-calcium hydroxide with Beva 371 522 N/mm
2 
Nano-silicon dioxide with Beva 371 450 N/mm
2 
Nano-calcium carbonate with Beva 371 249 N/mm
2 
Nano-calcium hydroxide 500 N/mm
2 
Nano-silicon dioxide 362 N/mm
2 
Nano-calcium carbonate 300 N/mm
2 
 
4.Conclusions  
This study focused on the interactions between Beva 371 which represented the polymer used in the 
consolidation of mural paintings and nano calcium hydroxide, nano-silica and nano and calcium carbonate. The 
nano-calcium hydroxide turned into calcium carbonate as the known carbonation in presence or absence of Beva 
371. Both nano silicon dioxide and nano-calcium carbonate used as filler as they filled the gaps inside the 
structures of the models even in presence of polymeric material as SEM images showed. The application of 
those materials on the models caused a visual difference in compared with untreated model. Although, the 
success of the application of nano-materials in the consolidation of the models, they caused an obvious change 
in colors as the spectrophotometer results showed. This can be attributed probably to the residues of the solvents 
and Beva 371 with the three nano-materials. Finally, the mechanical properties studied by the shore D and the 
results revealed that the treatment of nano-materials and even in presence of Beva 371 improved the mechanical 
properties and the bursting strength tested to assure that the treatment of the nano-materials increase the models 
strength to the exogenous factors.  
Recommendations 
In conservation field the nano- materials proved the effectiveness and success as the particles are in nanometer 
size can penetrate through the surfaces of the objects easily. 
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The following recommendations are offered to the people who worked in conservation field:  
1- The treatment with nano- materials didn't affected by the presence of polymeric materials or absence so 
the polymeric material can be laminated in the conservation due to wide disadvantages.  
2- The nano-lime improved the mechanical properties for the treated models of the mural painting even in 
presence of polymeric material by the formation of calcium carbonate through carbonation process. 
3- Nano- materials can be used as filler such as nano-silica and nano-calcium carbonate instead of the 
polymeric material in consolidation as unfortunately still use in the conservation field  
4- Although all the success the nano-materials achieved they caused changes in colors of the treated 
models tested by spectrophotometer so during the application of nano-materials must be applied 
through two layers of Japanese paper to laminate the accumulation on the surface.  
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